INTRODUCTION
The first indications of H^ Lyman band emission in the 'Jovian atmosphere were recorded in the sounding rocket spectra of Rottman et al. [1973] and Giles et al. [1976] . However, the first positive identification of Jovian auroral processes was provided by the Voyager ultraviolet spectrometers [Broadfoot e t al., 1979; Sandel et al., 1979] and the International Ultraviolet
Explorer (IUE) Observatory [Clarke et al., 1980; Yung et al., 1982] , The Voyager ultraviolet spectrometer (UVS) experiment measured approximately 60 k Rayleigh (kR) of H Ly o and about 80 kR total of Lyman and Werner band emission, assuming the auroral zone had a latitudinal extent of 6000 km. If the precipitating particles are electrons [Waite et al., 1983; Yung et al., 1982; Broadfoot et al. , 1981; Gerard and Singh, 1982] , this emission level corresponds to a minimum energy flux in the auroral zone of 10 erg cm~^ s~^, with a total power output exceeding 1-2 x 10-^ w.
Both the latitude of the observed auroral emissions and the Voyager in situ particle measurements suggest that the lo plasma torus is involved in the generation of energetic particles responsible for the auroral emissions [Broadfoot et al. , 1981; Bridge et al., 1979; Krimigis et al., 1979; Vogt et al., 1979; Gehrels et al. , 1981] . The earlier magnetospheric studies of wave-particle scattering needed to induce auroral precipitation concentrated on energetic electrons [e.g., Waite et al., 1983] .
The identified sources of energetic electron scattering however appear to be somewhat inadequate to explain the inferred auroral power budget. Goertz [1980] suggested proton precipitation and Thocne [1981, 1983] considered heavy ion precipitation owing to the measured heavy ion composition of the lo torus region.
Credence of the scenario for heavy ion precipitation improved when Gehrels and Stone [1983] reported that measurements of the radial distribution of 1 to 20 Mev/nucleon oxygen, sodium, and sulfur ions in the Jovian magnetosphere suggested pitch angle scattering into the loss cone and subsequent precipitation loss of these ions at a rate comparable to the strong pitch angle diffusion limit. However, none of the plasma waves required for the scattering have yet been identified, and the required precipitating energy flux can only be provided by performing a b est-case extrapolation of the Gehrels and Stone [1983] data to the crucial keV energy range, which was not adequately measured by the Voyager spacecraft.
Additional evidence in favor of ion as opposed to electron precipitation is provided by X ray observations of the Jovian aurora by the Einstein X Ray Observatory [Metzger et al., 1983 ]. This evidence is based on the unreasonable large energy requirements for X ray excitation via electron Bremsstrahlung (10-^ to lO^ W) as opposed to j^_ shell excitation of heavy ions (10^ to IQ-'-4 W). We regard these data and their interpretation as strong evidence for ion aurora on Jupiter.
In light of the evidence for heavy ion auroral precipitation, a model of heavy ion aurora and its aeronomical implications was constructed. The results presented in the companion paper by Hocanyi et al. [1987] This evidence combined with the recent IUE [Skinner et al., 1984] and Voyager [Herbert et al., 1986] observations of the longitudinal distribution of the Jovian UV aurora [Skinner et al., 1984] suggests to us that electrons as well as ions play a role in Jovian auroral processes. Furthermore, we conclude that the energetic heavy ions observed by Gehrels and Stone [1983] may indeed be responsible for the X ray emissions, but are probably confined in a sufficiently high energy range (~300 keV) that they deposit the bulk of their energy below the methane homopause.
Such a scenario is similar to that of terrestrial aurora, where both energetic precipitating electrons and protons are known to participate in auroral processes.
OBSERVATIONS
Two spectra of the Jovian aurora at wavelengths between 1150
and 1950 A were obtained using the IUE Observatory on July 12, 1985, from 0300 to 1100 UT. The IUE low dispersion mode was used and the image exposure time was set at 75 min to maximize the signal-to-noise ratio in the F^ band systems between 1250 and 1500 A. As a result the spectrum above 1500 A and the H Ly a emission feature were intentionally over exposed, and could not However, the spectrum in this wavelength region for the northern auroral zone has a higher signal-to-noise ratio than was obtained by summing the brightest archived short-time exposure images of the Jovian aurora. Therefore, the analysis that follows in the next section will concentrate on images SWP 26401 and SWP 29879 the best northern and southern auroral zone spectra, respectively. can only be determined by carefully subtracting the expected Hb and emissions from the observed spectrum. This subtraction was carried out using the measured laboratory ^ band spectra of Ajello et al. [1984] corrected for atmospheric absorption.
Measured spectra with electron energies of 20 and 100 eV were used and have been degraded to the resolution of the IUE spectra using a triangular spectrometer response function. The relative contribution of each spectrum was determined by searching parameter space for the best fit to the IUE spectra, which occurred at a 20/100 eV cross section ratio of 0.54.
Radiative transfer effects, particularly those due to hydrocarbon absorption, were modeled by using the transmission curves of Yung et al. [1982] for various particle penetration depths. The effects of hydrocarbon absorption due to CH 4 and €2^2 wece examined by systematically multiplying the laboratory spectra by the transmission curves of Yung et al. at each respective wavelength in the spectra. Each transmission case (af) was then adjusted in intensity until a minimum deviation between the adjusted laboratory and IUE spectra was obtained.
The six different transmission cases correspond to difference's in incident electron energy, or equivalently, depth of penetration of the precipitating particles into the atmosphere. The results of these six cases can then be independently examined for relative fit. The fit indicates that electrons between 10 and 30 keV correspond to the level of auroral particle penetration with a best fit for an electron primary precipitation energy of 22.5 keV, or equivalently particles precipitating to an atmospheric density of 4 x 10^" to 5 x IQ^ cm~^ (just above the level of the methane homopause). This result is consistent with the earlier findings of Yung et al. [1982] with regard to the level of atmospheric excitation.
This transmission study thereby allows us to obtain a best fit to the "adjusted" laboratory spectra. These adjusted spectra were then subtracted from the IUE spectra and the resulting difference is shown in the bottom panel of each figure.
Statistical error bars for the differenced data are also shown.
No oxygen ion emission features are observed above the level of statistical error. A (1 sigma) feature just above the statistical error bar exists at 1256 A. However, there is no clear indication that the feature is real and not simply an artifact of the fit to the 1^ emission spectrum.
A blowup of the difference spectrum for the critical wavelength range from 1240 to 1320 A is shown in Figure 2 .
Although no emission features are seen above the statistical uncertainty level, no feature near 1304 A is visible but a small feature near 1256 A may be seen. This feature is in a region of rapidly changing 1^ emission cross section and is subject to uncertainties in the assumed spectrometer response function.
Only 5 to 10% uncertainty in the ^ emission model would be needed to explain the feature. However, its singular appearance in the difference spectra and its exact correspondence to the 1256 A wavelength suggest a 1 sigma SII emission feature.
Analysis of the emission that could be present in these features is 160 R for 1304 A and 2400 R for 1256 A where these numbers have been corrected for hydrocarbon absorption effects. However, it must be kept in mind that these features represent only upper limits to features that are just visible above the statistical noise level.
Additional analysis of images SWP28845, SWP 28847, and SWP29879 was also carried out. Similar cross section ratios and transmission features again provided a good fit to the spectra.
The only necessary change was to scale by the change in the auroral intensity as determined by integrating the overall flux from 1240 to 1480 A. The results of comparing these spectra with H2 lab spectra are shown in Figures 3, 4 , and 5. There is no indication of sulfur or oxygen emission features in the lower signal to noise spectra of SWP28845 and SWP28847. However, in spectra SWP29879 ( Figure 5 ) there is again a feature at 1256 A.
The feature is more statistically significant (2 sigma) in this case since the difference at 1256 A is almost as large (2000 R), but the overall auroral brightness is a factor of 2.5 to 3.0 less intense than the SWP26401 spectra. In this case 15 to 30% errors in the H^ modeling are required to explain the feature. Again there is no indication of emission at 1304 A (< 150 R).
DISCUSSION
The upper limits of heavy ion emission features in the measured IUE spectra must be compared to those predicted by heavy ion auroral modeling, which are presented in the companion paper by Horanyi et al. [1987] . To understand the implications of these constraints on the heavy ion emissions one must first understand the model calculations.
Theoretical calculations of the energy deposition of energetic oxygen ions precipitating into the Jovian atmosphere
show that an input power of 10-20 erg cm~^ s~*-(~2 x 10^ W) is required to produce the 80 kR of Lyman and Werner band emissions observed by the Voyager UVS experiment. The aeronomical effect of this energetic ion precipitation is very similar to that of energetic electrons [Horanyi et al., 1987; Waite et al., 1983] ; that is, excitation, dissociation, and ionization rates are very similar for both types of particle precipitation. These two somewhat conflicting pieces of evidence may be partially reconciled by comparing the two excitation processes.
In the case of sulfur the excitation process is a consequence of electron stripping followed by exothermic charge transfer.from
Sill to SII with enough available energy to leave the SII atom in an excited electronic state. The case of OI excitationc is.-.quite--different since Oil to 01 charge transfer with-H 2 is an endothermic process and will not result in 01 excitation. The 01 excitation considered is therefore a direct excitation of neutral oxygen as a result of collisions with t^. The relevant point here is that due to charge state equilibration of the ion beam (see Horanyi et al., 1987/ figure 3 ) the tendency for the beam is to be more highly ionized at higher altitudes, thus favoring the electron stripping/charge exchange excitation. Whereas the beam must be neutralized at greater depths in the atmosphere before direct excitation of 01 is possible. The net result is that the charge exchange/stripping region SII may be more distributed in altitude and lie several scale heights above the region of 01 direct excitation. Therefore, if the ions are in general energetic enough to deposit the bulk of their energy below the homopause, the SII emission could conceivably lie above the homopause whereas the 01 excitation and the bulk of the auroral ion excitation would occur below the homopause. For energetic ion aurora (100 -300 keV/nucleon) the observed 1^ Lyman and
Werner band emissions would be less than 10 kR. The precipitation of energetic electrons [Waite et al., 1983] would then be required in addition to ion precipitation in order to generate the required H^ intensity.
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Several possible sources of .energetic electron plasma wave scattering have been identified by Thorne [1983] and Inan [1986] . They include electromagnetic hiss (6 x-10^ W) [Thorne . and Tsurutani, 1979] , electromagnetic chorus JXlQ-k^W).. . [Thorne,. , 1984; Inan, 1986] , and electrostatic n+1/2 cyclotronr'.harmonic . an waves (<10^2 W) [Thorne, 1983] . These sources-seem marginally capable of supplying the power required in energetic electrons to explain the ultraviolet auroral emissions visible above the methane homopause. However, these estimates are based on equatorial measurements and may not be representative of processes at higher latitudes such as plasma waves or double layers that may play a role in determining auroral electron acceleration. Additional evidence that electrons play a role in the ultraviolet aurora can be found in the System III longitude dependence of the UV aurora which was reported by Skinner and Moos [1984] and Herbert et al. [1986] . Although the authors made no definitive stand on whether ion or electron precipitation was responsible for the aurora, we feel that the longitudes where 16 maximum UV auroral emission are observed are consistent with the longitudes of energetic electron precipitation calculated by Dessler and Hill [1979] . Although the zones of auroral emission are somewhat larger than the predicted precipitation zones they are well within the uncertainty of the inferred surface magnetic field structure [Acuna et al., 1983] . This evidence taken in conjunction with the IUE observations reported in this paper present a case for energetic electrons (10 to 100 keV) playing a major role in producing the observable UV aurora at Jupiter.
However, evidence for the precipitation of energetic (>300 keV nucleon) ions is also quite compelling. The observed radial distribution of such energetic heavy ions by Voyager . [Gehrels et al., 1981] , interpreted in conjunction with derived"values of the radial ion diffusion coefficient by Siscoe and Summers [1981] , suggests that sulfur, oxygen, and sodium ions are precipitating into the upper atmosphere at a rate comparable to the strong pitch angle diffusion rate between 6 and 8 Rj [Gehrels and Stone, 1983] . Furthermore, the Einstein Observatory X ray measurements provide a fairly strong case for _K_ shell excitation of heavy ions as the source of Jovian auroral X ray emissions. The point of departure in the present paper is the extent of the role of heavy ions in auroral processes. The evidence presented in this paper suggests that only ions above ~100-300 keV/nucleon precipitate into the atmosphere. In this case little emission specific to oxygen and sulfur would be expected because the bulk of the energy deposition occurs below the homopause. Furthermore, the X ray emission power can be accommodated, and there is no need to extend the heavy ion energy distribution to lower energies, as was postulated by Gehrels and Stone [1983] and modeled by Horanyi et al. [1987] . For a further discussion of these latter two points, see the companion paper by Horanyi et al. [1987] .
CONCLUSIONS
The suggested scenario for Jovian auroral processes presented here is a case much like that of earth, with energetic heavy ions (>300 keV/nucleon) and energetic electrons (10 to 100 keV) both playing a role in auroral processes. The heavy ions precipitate between Jovian invariant latitudes of 66° and 69° [ Gehrels and Stone, 1983] and deposit most of their-energy below the level of the methane homopause. They produce X ray emissions A further test of the proposed scenario would be to simultaneously observe both the UV and X ray auroral emissions as 18 a function of System III longitude. It is expected that the electron precipitation and thus UV emissions would follow the longitudinal pattern suggested by Dessler and Hill [1979] , and that the ion precipitation and X ray emissions would be out of phase and fill in the longitudinal gaps of the UV pattern. 
